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1
INFRARED ZOOMING LENS

FIELD OF THE INVENTION

The present invention relates to an infrared zoom lens of 5

improved ability to compensate for spherical aberration and
reduced manufacturing cost.

BACKGROUND ART

Prior art infrared zoom lenses include a thermally 1insulated
inirared zoom lens that has optical elements arranged 1n
series Irom the foremost position closest to the object toward
the focal point along the optical axis, namely, first to third lens
clements 1n this sequence where the first lens element has 1ts
first and second major surfaces opposed to each other to
exhibit positive magnification power, the second lens element
has 1its first and second major surfaces opposed to each other
to exhibit negative magnification power, and the third lens
clement has its first and second major surfaces opposed to
cach other to exhibit positive magnification power. The first
and third lens elements are made of a first substance while the
second lens element alone 1s made of a second substance
different from the first substance, and a variation 1n refractive
index of the first substance due to a variation 1n its tempera-
ture (dn/dT) 1s smaller than that of the second substance, and
either one or both of the second major surfaces of the first and
third lens elements 1s formed 1n difiractive surface (see Patent
Document 1 listed below).

Another prior art infrared zoom lens has first to third
groups of lens pieces arranged 1n series from the foremost
position closest to the object, and during the zooming, the first
and third lens groups are essentially fixed while the second
lens group alone are movable where each of the first to third
lens groups has at least one lens piece made of zinc sulfide
(see Patent Document 2).

Still anther prior art infrared zoom lens 1s that which incor-
porates optics dedicated to infrared rays raging 3 to 5 um or 8
to 12 um in waveband and which has five groups of lens
pieces arranged 1n series from the foremost position closest to
the object, namely, a first lens group consisting of one or two
lens pieces to exhibit positive power, a second lens group
consisting of one or two lens pieces to exhibit negative power,
a third lens group of a single negative meniscus lens having its
concave surface positioned closer to the object, a fourth lens
group of a single convex lens piece, and a fifth lens group
consisting of at least four lens pieces where the rearmost lens
piece closest to the imaging field 1s a positive meniscus lens
having its convex major surface faced toward the object; and
during the zooming, the first, fourth and fifth lens groups are
essentially fixed while the second and third lens groups are
movable so that displacing the second lens group along the
optical axis permits magnification rate to alter, and mean-
while, displacing the third lens group along the optical axis
enables to correct the imaging point under the requirements
as defined 1n the following formulae:

1.00<f,/f,

J5/1<-0.40

0.35<f2/f<0.70

where 1. 1s a focal length of the entire optics at the telephoto
end, 1, 1s the focal length of the first lens group, 1, 1s the focal
length of the first lens group, and 1. 1s the focal length of the
fifth lens group (see Patent Document 3).
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LIST OF THE CITED DOCUMENTS ON TH.
PRIOR ART

(L]

Patent Document 1: [0006] Japanese Preliminary Publica-
tion of Unexamined Patent Application No. 2005-
521918[0007] Patent Document 2: 0008 ] Japanese Pre-
liminary Publication of Unexamined Patent Application
No. 2007-264649[0009| Patent Document 3:

Japanese Patent No. 3365606

Configured as in Patent Document 1, the mfrared zoom
lens having 1ts first and third lens elements made of the first
substance facilitates maintenance by virtue of simple and
manageable storage of the lens substance but 1s prone to lead
to a critical problem that such a zoom lens 1s troublesome in
compensating for aberration. The infrared zoom lens config-
ured as 1n Patent Document 1 also has a static focal mecha-
nism, which means 1t conducts no dynamic focusing control
and cannot be user iriendly.

Configured as 1n Patent Document 2, the infrared zoom
lens has all the lens pieces made of zinc sulfide, which 1s
disadvantageous 1n that the substance of the lens pieces 1s
expensive and intractable in processing such as molding,
polishing, and so forth. In one embodiment of this type of the
infrared zoom lens, zinc sulfide 1s used 1n combination with
germanium. The substance of zinc sulfide which 1s of low
refractive mdex (approximately 2.2) 1s disadvantageous in
that 1t brings about difficulty in compensating for aberration.

Configured as 1n Patent Document 3, the infrared zoom
lens 1ncorporates nine to twelve of the lens pieces, which 1s
disadvantageous 1n that such a zoom lens costs more to fab-
ricate, and that the lens pieces absorb infrared rays more to
resultantly produce a darker picture. In addition, because of
the larger number of the lens pieces, a lens barrel of such a
zoom lens should be more complicated in structure.

The present invention 1s made to overcome the aforemen-
tioned problems 1in the prior art infrared zoom lenses, and
accordingly, it 1s an object of the present invention to provide
the improved infrared zoom lens that consists merely of opti-
cal components of germanium so as to implement an optical
system that 1s capable of reducing variation in brightness
during varying a magnification rate and 1s quite bright.

It 1s another object of the present invention to provide the
improved inirared zoom lens that has the reduced number of
lens pieces to implement a simple-structure and lightweight
lens barrel and that has the lens pieces of the reduced absor-
bance of infrared rays so as to produce a bright image.

It 1s further another object of the present invention to pro-
vide the improved infrared zoom lens that 1s capable of com-
pensating for Aberration adequately throughout the zooming
range.

SUMMARY OF THE INVENTION

In one aspect of the present invention, an infrared zoom
lens has first to fourth groups of lens pieces arranged 1n series
from the foremost position closest to the object; each of the
lens groups having all the lens pieces made of germanium,
and at least one of the lens groups consisting simply of a
single lens piece.

In accordance with the present invention, the infrared zoom
lens has an optical system that can reduce variation in bright-
ness during varying a magnification rate and 1s quite bright
and that facilitates compensating for aberration, thereby pro-
ducing a clear and vivid image.

Also, 1n accordance with the present invention, the infrared
zoom lens has the reduced number of lens pieces so as to bring
about a simple-structure and lightweight lens barrel, and 1t
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has the lens pieces of the reduced absorbance of infrared rays
so as to produce a bright 1mage.

Moreover, 1 accordance with the present invention, the
infrared zoom lens 1s usetul to compensate for aberration
adequately throughout the zooming range. 5

The present invention 1s exemplified 1n the following man-
ners:

The infrared zoom lens has the first lens group of positive
power, the second lens group of negative power, the third lens
group of positive power, and the fourth lens group of positive 10
power.

Configured in this manner, the infrared zoom lens advan-
tageously reduces variation in aberration throughout the
70oming range.

In another aspect of the present mvention, the infrared 15
zoom lens may be adapted to meet requirements as defined 1n
the following formula:

0.8=f1/ft<1.7 (1)

where ft is a focal length of the zoom lens at a telephoto <Y

setting, and 11 1s the focal length of the first lens group.

The formula (1) provide the requirements to tulfill both the
demands of avoiding the entire length of the optics and com-
pensating for aberration. If exceeding the lower limit as
defined 1n the formula (1), the infrared zoom lens has 1ts first
lens group intensified in power, which results in spherical
aberration being increased at a telephoto setting. On the con-
trary, if exceeding the upper limit as defined in the formula
(1), the infrared zoom lens has 1ts first lens group diminished
in power, which leads to a problem that the entire length of the
optics should unavoidably increase.

Alternatively, the infrared zoom lens may be adapted to
meet requirements as defined 1n the following formula:

25

30

~0.72/ft<-0.1 (2) 33

where 1t 1s a focal length of the zoom lens at a telephoto
setting, and 12 1s the focal length of the second lens group.

The formula (2) provide the requirements to fulfill the
demand of inhibiting both variation 1n aberration during vary-
ing a magnification rate and increase 1n field curvature. If
exceeding the upper limit as defined in the formula (2), the
inirared zoom lens has 1ts second lens group diminished 1n
power to be insuilicient to correct the field curvature. IT
exceeding the lower limit as defined in the formula (2), the
infrared zoom lens has its second lens group intensified 1n
power, which brings about the increased variation 1n aberra-
tion during varying a magnification rate.

Alternatively, the infrared zoom lens may be adapted to
meet requirements as defined 1n the following formula:

40

45

50
1.8=f3/fw=4 (3)

where fw 1s a focal length of the zoom lens at a wide-angle
setting, and 13 1s the focal length of the third lens group.

The formula (3) provide the requirements to fulfill the 55
demand of adequately compensating for spherical aberration.

If exceeding the upper limit as defined 1n the formula (3), the
inifrared zoom lens 1s able to only insuiliciently compensate
for spherical aberration, which 1n turn leads to a problem that
the entire length of the optics should unavoidably increase. IT 60
exceeding the lower limit as defined in the formula (3), the
infrared zoom lens excessively compensate for spherical
aberration at a wide-angle setting.

In further another aspect of the present invention, the first
and third lens groups stay still in their respective fixed posi- 65
tions while the second and fourth lens groups are movable so
as to vary a magnification rate.

4

Configured 1n this manner, the infrared zoom lens advan-
tageously reduces variation in aberration, especially, field
curvature throughout the zooming range.

Further alternatively, the fourth lens group 1s moved for the
focusing.

Configured in this manner, the infrared zoom lens can
clfectively reduce varniation 1n aberration during the focusing.

Alternatively, the first lens group may consist of ameniscus
lens that has 1ts front major surface closer to the object shaped
1N CONVeX.

Configured in this manner, the infrared zoom lens facili-
tates an appropriate compensation for spherical aberration
and distortion aberration.

Alternatively, the foremost lens piece closest to the object
in the second lens group may have 1ts rear major surface
facing to the imaging field shaped 1n concave.

Configured in this manner, the infrared zoom lens facili-
tates compensating for field curvature.

Alternatively, the first lens group may have its lens piece
shaped to have an aspherical surface.

Configured in this manner, the infrared zoom lens facili-
tates compensating for distortion aberration at a wide-angle
setting and for spherical aberration at a telephoto setting.

Alternatively, the second lens group may have one or more
of 1ts lens pieces shaped to have an aspherical surface.

Configured in this manner, the infrared zoom lens facili-
tates both inhibiting variation in aberration as a result of
varying a magnification rate and compensating for field cur-
vature.

Alternatively, the third lens group may have one or more of
its lens pieces shaped to have an aspherical surface.

Configured i this manner, the infrared zoom lens can
clifectively compensate for spherical aberration at a wide-
angle setting and implement a bright optical system.

Further alternatively, the fourth lens group may have one or
more of 1ts lens pieces shaped to have an aspherical surface.

Configured 1n this manner, the infrared zoom lens facili-
tates compensation for field curvature and astigmatism and
cifectively inhibits vanation in aberration during the focus-
ing.

BRIEF DESCRIPTION OF THE DRAWINGS

In each optical diagram illustrating the behavior of optical
components of an exemplary infrared zoom lens at wide-
angle and telephoto settings, respectively, the arrangement of
groups of lens pieces at wide-angle or telephoto settings, the
center axis through the optics, and light beams incoming and

outgoing 1n and from each lens group at the maximum angles
of view are emphasized.

FIG. 1 1s an optical diagram illustrating the behavior of a
first preterred embodiment of an infrared zoom lens at wide-

angle and telephoto settings, respectively, according to the
present invention;

FIG. 2 depicts graphs on spherical aberration, astigmatism,
and distortion aberration in the first preferred embodiment of
the infrared zoom lens at a wide-angle setting;

FIG. 3 depicts graphs on spherical aberration, astigmatism,
and distortion aberration in the first preferred embodiment of
the infrared zoom lens at a telephoto setting;

FIG. 4 1s an optical diagram illustrating the behavior of a
second preferred embodiment of the infrared zoom lens at
wide-angle and telephoto settings, respectively, according to
the present invention;

FIG. 5 depicts graphs on spherical aberration, astigmatism,
and distortion aberration in the second preferred embodiment
of the infrared zoom lens at a wide-angle setting;

FIG. 6 depicts graphs on spherical aberration, astigmatism,
and distortion aberration in the second preferred embodiment
of the mirared zoom lens at a telephoto setting;
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FIG. 7 1s an optical diagram 1llustrating the behavior of a
third preferred embodiment of the infrared zoom lens at wide-
angle and telephoto settings, respectively, according to the
present invention;

6

FIG. 23 depicts graphs on spherical aberration, astigma-
tism, and distortion aberration 1n the eighth preferred embodi-
ment of the mnfrared zoom lens at a wide-angle setting; and

FIG. 24 depicts graphs on spherical aberration, astigma-
tism, and distortion aberration 1n the eighth preferred embodi-

FI1G. 8 depicts graphs on spherical aberration, astigmatism, 5 _ :
and distortion aberration in the third preferred embodimentof =~ ment of the infrared zoom lens at a telephoto setting.
the infrared zoom lens at a wide-angle setting; - .
FI1G. 9 depicts graphs on spherical aberration, astigmatism, BES1T MODE OF THE INVENTION
and distortion aberration in the third preferred embodiment of - .
. . Embodiment 1
the infrared zoom lens at a telephoto setting; 10
; Frl‘[g 10 lfS anéjptlcabl ((:gl.agr altn 11}11;‘[11' at{ls% the(lljehavmr 10 fa Data on a first preferred embodiment of an infrared zoom
OULH PIEfeitct GbOGHUNENT 01 Hhe HILared 200 1ehs lens according to the present invention will be set forth below:
according to the present invention;
FIG. 11 depicts graphs on spherical aberration, astigma-
tism, distortion aberration in the fourth preferred embodi- 15
ment of the infrared zoom lens at a wide-angle setting; SURFACE# R D GLASS
FIG. 12 depicts graphs on spherical aberration, astigma-
. . . . . . 1 81.0000 5.0000 GERMANIUM
tism, distortion aberration 1n the fourth preferred embodi- 5 ASPH 1 68.007% D)
ment of the mirared zoom lens at a telephoto setting;; 3 ASPH _101 6133 5 0000 GERMANTUM
FI1G. 13 1s an optical diagram illustrating the behavior of a 20 4 ASPH 67.9744 D(4)
fifth preferred embodiment of the infrared zoom lens at wide- > >10P 37.8944 3.0000 GERMANIUM
angle and telephoto settings, respectively, according to the o ASFH °1.0729 D)
&¢ Al P &5, TE5p Y5 5 7 49.0000 3.0000 GERMANIUM
present mnvention, | | | 8 ASPH 168.5145 D(8)
FIG. 14 depicts graphs on spherical aberration, astigma- 9 0.0000 1.0000 GERMANIUM
tism, and distortion aberration in the fifth preferred embodi- 25 10 0.0000 D(10)
ment of the infrared zoom lens at a wide-angle setting;
| FIG. 15 Fleplqts graphs on SPhEI‘ ical aberration, astigma- D(1) 1n the table above denotes where the distance between
tism, and d1§toﬂlon aberration 1n the fifth preferr ?d embodi- the adjacent lens groups varies as the focal length 1s varied (1
ment of the infrared zoom lens at a telephoto setting; is the number of the rearmost surface in one lens group).
| FIG. 16 1s an optical filagram 111ust1:at111g the behaviorota 30  Apy of numbers identifying lens surfaces suffixed with
sixth preferred embodiment of the infrared zoom lens at characters ASPH designates an aspherical surface. A formula
wide-angle and telephoto settings, respectively, according to representing the aspherical surface is given as follows:
the present invention;
FIG. 17 depicts graphs on spherical aberration, astigma-
tism, and distortion aberration in the sixth preferred embodi- 35 H2 /R
ment of the infrared zoom lens at a wide-angle setting; A= +AH' + BH' + CH° + DI’ + EH"”
. . . . 1+V1—(sH2/R?)
FIG. 18 depicts graphs on spherical aberration, astigma-
tism, and distortion aberration 1n the sixth preferred embodi-
ment of the mirared zoom lens at a telephoto setting; where H 1s a height of the aspherical surface from and per-
FIG. 19 1s an optical diagram illustrating the behavior of a 40 pendicular to the optical axis, X(H) 1s a varied amount of the
seventh preferred embodiment of the infrared zoom lens at height H relative to a varied departure with the apex of the
wide-angle and telephoto settings, respectively, according to aspherical surface at the onigin, R 1s a paraxial radius of
the present invention; curvature, 1s a conic constant, A 1s the second order aspheric
FIG. 20 depicts graphs on spherical aberration, astigma- coellicient, B 1s the fourth order aspheric coetficient, C 1s the
tism, and distortion aberration in the seventh preferred 45 sixth order aspheric coetlicient, D 1s the eighth order aspheric
embodiment of the infrared zoom lens at a wide-angle setting; coellicient, and E 1s the tenth order aspheric coelficient.
Data on the Aspherical Surface
SURFACE#  O(EP) 2(A) 4(B) 6(C) R(D) 10(E)
2 -274716 0.00000E4+000 7.71619E-007  -1.83338E-010  0.00000E4+000  0.00000E4+000
3 47.8330  0.00000E+000 6.27110E-006 8.16225E-008  0.00000E+000 0.00000E4+000
4 6.3703 0.00000BE4+000  -6.48539E-006 8.36406E-008  0.00000E+000 0.00000E4+000
5 -16.5202 0.00000E4+000 5.79215E-006  -3.49341E-007 0.00000E4+000  0.00000E4+000
6 -3.3024 0.00000E+000  -3.40467E-005  -2.12849E-007  0.00000E+000 0.00000E4+000
8 101.0156  0.00000E+000 1.44689E-006  —-6.95217E-009  0.00000E+4+000  0.00000E+000

FIG. 21 depicts graphs on spherical aberration, astigma-
tism, and distortion aberration in the seventh preferred
embodiment of the infrared zoom lens at a telephoto setting;
and

FI1G. 22 1s an optical diagram illustrating the behavior of an
cighth preferred embodiment of the infrared zoom lens at

wide-angle and telephoto settings, respectively, according to
the present invention;

60
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Focal Length

JE-ANGLE TELEPHOTO

14.03 40.00
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Distance between the Adjacent Lens Groups during the Distance between the Adjacent Lens Groups during the
Zooming Zooming,
5
WIDE-ANGLE TELEPHOTO WIDE-ANGLE TELEPHOTO

D(2) 11.174 25.900 D(2) 12.500 65.536

D(4) 27.361 12.635 D(4) 63.036 10.000

D(6) 18.252 18.250 D(6) 51.580 54.574

D(8) 1.568 1.570 . D(8) R.8190 5.8248

D(10) 17.997 17.997 D(10) 18.000 18.000
15

Embodiment 2

Data on the optical components in a second preferred

embodiment of the infrared zoom lens are set forth below:

Embodiment 3

Data of the optical components of a third preferred

embodiment of the infrared zoom lens are set forth below:

20
SURFACE# R D GLASS SURFACE# R D GLASS
1 217.4855 9.0000 GERMANIUM 1 81.0000 5.0000 GERMANIUM
2 ASPH 418.5663 D(2) 25 2 146.8796 D(2)
3 ASPH —240.7084 4.5000 GERMANIUM 3 ASPH -116.9334 2.0000 GERMANIUM
4 ASPH 430.2428 D(4) 4 ASPH 83.5380 D(4)
5 STOP 67.8117 7.0000 GERMANIUM 5 STOP 209322 3.0000 GERMANIUM
6 ASPH 02.1746 D(6) 6 ASPH 35.9505 D(6)
7 37.8153 5.0000 GERMANIUM 7 49.0000 3.0000 GERMANIUM
8 ASPH 44,8231 D(8) 30 8 ASPH 157.5165 D(8)
9 0.0000 1.0000 GERMANIUM 9 0.0000 1.0000 GERMANIUM
10 0.0000 D(10) 10 0.0000 D(10)
Data on the Aspherical Surfaces
SURFACE# O(EP) 2(A) 4(B) 6(C) 8(D) 10(E)
2 18.5449  0.00000E4+000  =3.13306E-008  -2.42866E-012 0.00000E+000  0.00000E+000
3 -99.0013  0.00000E+000 6.13608E-007  -1.92476E-009 1.30313E-012  0.00000E+000
4 83.4977  0.00000E+000 1.26877E-006  -2.48226E-009 1.49943E-012  0.00000E+000
5 -1.1716  0.00000E+000 1.61863E-007 6.75443E-010  -9.52129E-013  0.00000E+000
6 6.2011 0.00000E+000 -1.52912E-006 6.19667E-010  —=1.65398E-012  0.00000E+000
8 1.2358  0.00000E+000 1.03673E-007 2.58085E-010 0.00000E+000  0.00000E+000
Focal Length
50
WIDE-ANGLE TELEPHOTO
35.01 100.00
Data on the Aspherical Surfaces
SURFACE# O(EP) 2(A) 4({B) 6(C) 8(D) 10(E)
3 76.4793  0.00000E+000 2.32912E-005 7.25919E-008  0.00000E4+000  0.00000E+000
4 -09.0033  0.00000E+000 3.28211E-005 3.72487E-008  0.00000E+000 0.00000E+000
5 -10.9064 0.00000E+000 -8.83597E-006 -4.11010E-007  0.00000E+000 0.00000E+000
6 -0.4566 0.00000E+000 =7.53352E-005  —=1.59835E-007 0.00000E+000 0.00000E+000
8 101.0658  0.00000E+000 3.21451E-006  —-R.01724E-009  0.00000E4+000 0.00000E+000
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Distance Between the Adjacent Lens Groups During the

Zooming
Focal Length

WIDE-ANGLE TELEPHOTO 5
14.08 39.99
WIDE-ANGLE TELEPHOTO
_ _ _ D(2) 7.301 28.696
Distance between the Adjacent Lens Groups during the
. 10 D(4) 43.869 22.483
Zooming
D(6) 17.313 18.399
D(8) 2.085 0.999
D(10) 18.000 18.000
WIDE-ANGLE TELEPHOTO s
D(2) 10.706 28.286
D(4) 31.224 13.645
D(6) 15.628 15.623
D(8) 1.411 1.416
D(10) 17.996 17.996
20 Embodiment 5
Data of the optical components 1n a fifth preferred embodi-
ment are set forth below:
Embodiment 4 55
Data on the optical components 1 a fourth preferred
embodiment are set forth below: STTRFACE# R N GT ASS
30 1 81.0000 5.0000 GERMANIUM
SURFACE# R 1 GTASS 2 ASPH 206.6764 D(2)
3 ASPH —121.4551 2.0000 GERMANIUM
1 ASPH 104.8085 6.0000 GERMANIUM 4 ASPH 55 3578 D(4)
2 ASPH 226.6959 D(2)
3 ASPH _367.6765 3. 0000 GERMANIUM 14 5 STOP 25.9574 3.0000 GERMANIUM
4 ASPH 76.9632 D(4) 6 ASPH 32.1012 D(6)
5 STOP 344767 4.0000 GERMANIUM
6 ASP 41 05%6 D(6) 7 49.0000 3.0000 GERMANIUM
7 ASPH 75.9689 3.0000 GERMANIUM 8 ASPH 130.7745 D(8)
& ASPH 4791.8361 D(8) 9 0.0000 1.0000 GERMANIUM
9 0.0000 1.0000 GERMANIUM
10 0.0000 D(10) 40 10 0.0000 D(10)
Data on the Aspherical Surfaces
SURFACE#  O(EP) 2(A) 4(B) 6(C) ’(D) 10(E)
1 2.183%8  0.00000E+000 2.73556E-007 9.87980E-012 0.00000E+000 0.00000E+000
2 2.4786 0.00000E+000 5.01545E-007  -2.51984E-011 0.00000E+000 0.00000E+000
3 —94.5812 0.00000E+000 1.37883E-006 1.84308E-008  -2.83851E-011 0.00000E+000
4 8.1703 0.00000E+4+000  -2.05051E-006 2.77221E-008  -4.18470E-011 0.00000E+000
5 -11.4441 0.00000E+000 7.56237E-006  -2.62165E-007 5.85605E-010  —-4.08946F-0
6 -13.6415 0.00000E4+000  -1.38618E-005  -1.93711E-007  -8.13217E-011 6.51028E-013
7 -36.7911 0.00000E+000 R.23957E-006  -1.68832E-007 -1.63720E-010  -1.18666E-013
8 100.2820  0.00000E+000 2.79145E-006  —-1.83138E-007 R.70962E—-011 0.00000E+000
60
Focal Length
WIDE-ANGLE TELEPHOTO
14.04 39.99 65
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Data on the Aspherical Surfaces
SURFACE#  O(EP) 2(A) 4(B) 6(C) R(D) 10(E)
2 -99.0105 0.00000E+4+000 1.50195E-006  —8.31787E-010  0.00000E+4+000  0.00000E4+000
3 101.0613 0.00000E+000  —1.39398E-005 2.43275E-007  0.00000E4+000  0.00000E4+000
4 -23.7708 0.00000E4+000 -1.21623E-005 2.17607E-007  0.00000E4+000  0.00000E4+000
5 =7.8898  0.00000E+000 241128E-005  -4.47147E-007  0.00000E4+000  0.00000E4+000
6 —1.7871 0.00000E+000  -3.65234E-005  -2.84591E-007 0.00000E+000 0.00000E+000
8 101.0822 0.00000E+000 2.87785E-006  -1.85662E-008  0.00000E+000  0.00000E+000
Distance Between the Adjacent Lens Groups During the
Zooming,
Focal Length 15
WIDE-ANGLE TELEPHOTO
14.03 55.98
WIDE-ANGLE TELEPHOTO
: : : 20
Distance Between the Adjacent Lens Groups During the
. D(2) 12.081 30.974
Z.ooming
D(4) 30.889 11.996
D(6) 15.605 16.016
D(8) 1.982 1.571
WIDE-ANGLE TELEPHOTO 25
D(10) 17.996 17.996
D(2) 7.031 20.720
D(4) 25.682 11.992
D(6) 14.922 14.925
D(8) 1.538 1.536
D(10) 17.992 17.992 30
Embodiment 6
35  Data of the optical components of a sixth preferred

Embodiment 6

Data of the optical components of a sixth preferred
embodiment are set forth below:

embodiment are set forth below:

40 SURFACE# R D GLASS
1 81.0000 5.0000 GERMANIUM
SURFACE# R D GLASS

2 ASPH 158.1946 D(2)
1 81.0000 5.0000 GERMANIUM 3 ASPH ~557.5081 2.0000 GERMANIUM
2 ASPH 158.1946 D(2) 45 A ASPH 41,2942 D(4)
3 ASPH —557.5081 2.0000 GERMANIUM
4 ASPH 41 2042 D(4) 5 STOP 23.2701 3.0000 GERMANIUM
5 STOP 23.2701 3.0000 GERMANIUM 6 ASPH 26.8660 D(6)
6 ASPH 26.8660 D(6) 7 49.0000 3.0000 GERMANIUM
7 49 .0000 3.0000 GERMANIUM R ASPH 127.0103 D(8)
R ASPH 127.0103 D(8)
0 00000 1 0000 GERMANTUM 50 9 0.0000 1.0000 GERMANIUM

10 0.0000 D(10) 10 0.0000 D(10)
Data on the Aspherical Surfaces
SURFACE# O(EP) 2(A) 4(B) 6(C) &(D) 10(E)

2 —3.2575 0.00000E4+000 1.82507E-007 0.31970E-012  0.00000E+000 0.00000E+000
3 100.9996  0.00000E4+000  =5.72079E-005 3.30036E-007  0.00000E+000 0.00000E+000
4 9.7130 0.00000E4+000 -8.24073E-005 3.02849E-007  0.00000E+000 0.00000E+000
5 —3.5518 0.00000E4+000 3.99116E-005 —3.12325E-007 0.00000E+000 0.00000E+000
6 3.4914  0.00000E4+000 —1.85825E-005 4. 18752E-007  0.00000E+000 0.00000E+000
8 81.1133 0.00000E+000 1.10403E-006  =-3.22377E-009  0.00000E+000 0.00000E+000
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Data on the Aspherical Surfaces
SURFACE# O(EP) 2(A) 4(B) 6(C) 8(D) 10(E)
2 -3.2575  0.00000E+000 1.82507E-007 90.31970E-012  0.00000E+4+000  0.00000E+000
3 100.9996  0.00000E+000  =5.72079E-005 3.30036E-007  0.00000E+4+000 0.00000E+000
4 9.7130 0.00000E4+000 =R8.24073E-005 3.02849E-007  0.00000E+4+000  0.00000E+000
5 —-3.5518 0.00000E+000 3.99116E-005 ~3.12325E-007 0.00000E+000 0.00000E+000
6 3.4914  0.00000E4000 —1.85825E-005 —4.18752E-007 0.00000E+000 0.00000E+000
8 R1.1133  0.00000E+000 1.10403E-006  =3.22377E-009  0.00000E+4+000 0.00000E+000
Focal Length 15 Focal [Length
WIDE-ANGLE TELEPHOTO WIDE-ANGLE TELEPHOTO
14.03 55.908 14.04 39.96
20

Distance Between the Adjacent Lens Groups During the Distance Between the Adjacent Lens Groups During the

Zooming Zooming
25
WIDE-ANGLE TELEPHOTO WIDE-ANGLE TELEPHOTO
D(2) 12.081 30.974 D(2) 14.025 27.906
D(4) 30.889 11.996 D(6) 25.890 12.009
D(6) 15.605 16.016 D(8) 16.229 14.603
D(8) 1.982 1.571 30 D(10) 1.563 3.189
D(10) 17.996 17.996 D(12) 17.995 17.995
35
Embodiment 7 Embodiment 8
Data of the optical components 1n a seventh preferred Data of the optical components 1 an eighth preferred
embodiment are set forth below: 20 €mbodiment of the infrared zoom lens are set forth below:

SURFACE# R D GLASS SURFACE# R D GLASS
1 81.0000 5.0000 GERMANIUM 45 1 81.0000 5.0000 GERMANIUM
2 ASPH 161.1561 D(2) 2 ASPH 168.1718 D(2)
3 —110.0000 1.0000 GERMANIUM 3 ASPH —120.5946 2.0000 GERMANIUM
4 81.7103 1.3150 4 ASPH 61.0847 D(4)
5 —59.6537 1.0000 GERMANIUM 5 STOP 33.6303 1.5000 GERMANIUM
6 -97.6426 D(6) 6 74.7907 1.1002
7 STOP 40,7897 3.0000 GERMANIUM 50 7 -142.3941 1.5000 GERMANIUM
8 ASPH 63.2175 D(R) 8 485.6580 D(8&)
9 49,0000 3.0000 GERMANIUM 9 49.0000 3.0000 GERMANIUM
10 ASPH 141.9859 D(10) 10 ASPH 151.2012 D(10)
11 0.0000 1.0000 GERMANIUM 11 0.0000 1.0000 GERMANIUM
12 0.0000 D(12) 12 0.0000 D(12)
Data on the Aspherical Surfaces
SURFACE# O(EP) 2(A) 4(B) 6(C) &(D) 10(E)
2 -29.6441 0.00000E+000 R8.85008E-007  =2.36900E-010  0.00000E+000 0.00000E+000
7 —15.1838 0.00000E+000 1.09487E-005  =2.76752E-007 0.00000E+000 0.00000E+000
8 8.9385 0.00000E+000 =2.41080E-005  =2.09727E-007 0.00000E+000 0.00000E+000
10 82.6428  0.00000E+000 1.18066E-006  —-1.06211E-008  0.00000E+000 0.00000E+000
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2. The infrared zoom lens according to claim 1, wherein the
first lens group 1s of positive power, the second lens group 1s
ol negative power, the third lens group 1s of positive power,

3. The infrared zoom lens according to claim 1, wherein the
inirared zoom lens 1s adapted to meet requirements as defined

(1)

where 1t 1s a focal length of the zoom lens at a telephoto
setting, and 11 1s the focal length of the first lens group.

4. The infrared zoom lens according to claim 1, wherein the
infrared zoom lens 1s adapted to meet requirements as defined

(2)

where 1t 1s a focal length of the zoom lens at a telephoto
setting, and 12 1s the focal length of the second lens group.
5. The infrared zoom lens according to claim 1, wherein the
first and third lens groups stay still 1n their respective fixed
positions while the second and fourth lens groups are mov-

6. The infrared zoom lens according to claim 1, wherein the

7. The infrared zoom lens according to claim 1, wherein the
first lens group comprises a meniscus lens that has 1ts front
major surface closer to the object shaped 1n convex.

8. The infrared zoom lens according to claim 1, wherein a
foremost lens piece closest to the object 1n the second lens
group has its rear major surface facing to an imaging field

9. The infrared zoom lens according to claim 1, wherein
there are two lens pieces in the second or third lens group.

10. The mirared zoom lens according to claim 1, wherein
the first lens group has 1ts lens piece shaped to have an

11. The mnirared zoom lens according to claim 1, wherein
the second lens group has one or more of its lens pieces

12. The infrared zoom lens according to claim 1, wherein
the third lens group has one or more of 1ts lens pieces shaped

Data on the Aspherical Surfaces
SURFACE#  O(EP) 2(A) 4(B) 6(C) R(D) 10(E)
) ~23.2387 0.00000F+000  6.75847E-007  —1.45178E-010  0.00000E+000 0.00000E+000
3 53.3315 0.00000E4+000  -1.51320E-005 1.85392E-007  0.00000E4+000  0.00000E4+000
4 23.4166 0.00000E4+000 -3.63164E-005 1.44214E-007  0.00000E4+000  0.00000E4+000
10 101.0693  0.00000E+000 2.03354E-006  -1.72085E-008  0.00000E4+000  0.00000E+000
Focal length
WIDE-ANGI | TET EPHOTO .5 and the tourth lens group 1s ot positive power.
14.045 39.99
in the following formulae:
Distance Between the Adjacent Lens Groups During the
Zooming 20 0.8=</1/ft<1.7
WIDE-ANGLE TELEPHOTO
D(2 11.004 25.738 25 :
DE’-’S 29 (097 14 358 in the following formulae:
D(8) 16.3770 16.265
D(10) 1.5504 1.662 0.7<f2/fr<—0.1
D(12) 17.993 17.993
- - - 30
In the preferred embodiments of the present invention, the
values of the terms in the formulae (1) to (3) are given as
follows:
able so as to vary a magmfication rate.
35
Formula (1)  Formula (2)  Formula (3) fourth lens group 1s moved for the focusing.
£, /1, £/, £u/f,
Embodiment 1 1.25 -0.34 2.90
Embodiment 2 1.42 -0.40 2.01
Embodiment 3 1.46 ~0.51 3.08 40
Embodiment 4 1.56 -0.53 3.50
Embodiment 3 1.25 -0.33 2.77
Embodiment 6 1.30 -0.29 2.48 shaped in concave
Embodiment 7 1.08 ~0.31 2.35 P '
Embodiment 8 0.94 -0.23 2.564
45
The mvention claimed 1s:
1. An infrared zoom lens Comprising: | | aspherical surface.
first to fourth groups of lens pieces arranged 1n series from
a foremost position closest to an object; 50
cach of th.e lens groups having all the lens pieces madef of shaped to have an aspherical surface.
germanium, and at least one of the lens groups consist-
ing simply of a single lens piece and
wherein the 1nfra}*ed ZoOm lel}s 1s adapted to meet require- to have an aspherical surface.
ments as defined 1n the following formula: 55

1.8=f3/fw=4 (3)

where fw 1s a focal length of the zoom lens at a wide-angle
setting, and 13 1s the focal length of the third lens group.

13. The mirared zoom lens according to claim 1, wherein
the fourth lens group has one or more of 1ts lens pieces shaped
to have an aspherical surface.

G o e = x
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